Glia-to-neuron signaling and the neuroendocrine control of female puberty.
It is becoming increasingly clear that astroglial cells are active participants in the process by which information is generated and disseminated within the central nervous system (CNS). In the hypothalamus, astrocytes regulate the secretory activity of neuroendocrine neurons. They contribute to facilitating sexual development by stimulating the release of luteinizing hormone-releasing hormone (LHRH), the neuropeptide that controls sexual development, from LHRH neurons. Astrocytes secrete several growth factors able to stimulate LHRH secretion. Two members of the epidermal growth factor (EGF) family--transforming growth factor alpha (TGFalpha) and the neuregulins (NRGs)-are produced in hypothalamic astrocytes and elicit LHRH secretion indirectly, via activation of receptor complexes formed by three members of the EGF receptor family, also located on astrocytes. Activation of these receptors results in the production of at least one neuroactive substance, prostaglandin E2 (PGE2), which stimulates LHRH secretion upon binding to specific receptors on LHRH neurons. Overexpression of TGFalpha in the hypothalamus accelerates puberty, whereas blockade of either TGFalpha or NRG actions delays the process, indicating that both peptides are physiological components of the neuroendocrine mechanism that controls sexual maturation. An increase in hypothalamic expression of at least two of the erbB receptors is initiated before the pubertal augmentation of gonadal steroid secretion and is completed on the day of the first preovulatory surge of gonadotropins. This secondary increase is brought about by gonadal steroids. Estrogen and progesterone facilitate erbB-mediated glia-to-LHRH neuron communication by enhancing astrocytic gene expression of at least one of the EGF-related ligands (TGFalpha) and two of the receptors (erbB-2 and erbB-4). They also facilitate the LHRH response to PGE2 via induction of PGE2 receptors in LHRH neurons. A search for genes that may act as upstream regulators of the pubertal process resulted in the identification of two potential candidates: Oct-2, a POU domain gene originally described in cells of the immune system, and TTF-1, a member of the Nkx family of homeodomain transcriptional regulators required for diencephalic morphogenesis. The hypothalamic expression of both genes increases during juvenile development before the first hormonal manifestations of puberty take place. Their mRNA transcripts are localized to specific hypothalamic cellular subsets, where they appear to regulate different, but interactive, components of the neuronal-glial complex controlling LHRH secretion. While Oct-2 transactivates the TGFalpha promoter, TTF-1 does so to the erbB-2 and LHRH genes but inhibits preproenkephalin promoter activity, suggesting that both transcriptional regulators may act coordinately in the normal hypothalamus to activate genes involved in facilitating the advent of puberty and repress those restraining sexual development. Altogether, these observations indicate that the central activation of the pubertal process involves the participation of both neuronal and astroglial networks and the contribution of upstream transcriptional regulators acting on both the neuronal and glial components of the system.